Globalisation has sparked academic interest in companies' competitive factors and a myriad of internal and external competitive factors have been studied. However, to our knowledge the weather of the host country has not been under study even though weather has been demonstrated to affect economic activity. This paper utilises a company-level panel data to analyse if weather has an impact on domestic and foreign manufacturing companies' operations in Russia. Temperature was identified to have a non-linear effect on foreign companies' revenues, such that a warmer year raises revenues in colder regions while balancing out in warmer regions and actually has a negative effect in the hottest regions. For local Russian companies, we discovered an opposite, but less robust effect. This and home country climate based analysis support the hypothesis that foreign companies benefit from more pleasant weather in the local colder climate while the impact is not so critical for the local companies or foreign companies from countries with similar climate to Russia.
Bschools^of competitiveness literature have been thoroughly discussed in Cater (2005) . However, one feature appears to be absent in the competitiveness literature which has investigated various internal (e.g. firms' unique resources, capabilities, and knowledge) and external factors (e.g. new entrants, supplier bargaining power, and host country institutions)namely, weather. Many econometric studies (e.g. Subak et al., 2000; Dell, Jones, & Olken, 2012) have demonstrated that weather affects economic activity at both the company and national level. However, to our knowledge, weather has not been studied from the competitiveness perspective, even though it is plausible that local companies are better positioned to cope with their local climates.
This study aims to start bridging this gap by empirically examining the weather impacts on revenues of foreign and local manufacturing companies across Russia. Geographically, the country represents an auspicious subject for the topic due to its vast territory and, as a consequence, versatile climatic conditions. Russia consists of Arctic, subarctic, moderate, and subtropical climatic zones, and the average annual temperatures in the western and eastern parts of the country differ by a maximum of 15°C between the southwest and northeast corners of Russia (Kotlyakov, 2002) . Furthermore, Russia has also global importance in terms of foreign investments: according to the UNCTAD statistics, for example, Russia incorporated 2.4 % of global inward FDI stock in 2010 which was nearly equivalent to Australia's share. Consequently, FDI in Russia has attracted the attention of various academic researchers (e.g. Broadman & Recanatini, 2001; Ledyaeva, Karhunen, & Kosonen, 2013; Ledyaeva, Karhunen, Kosonen, & Whally, 2015) .
Our estimations suggest a non-linear temperature effect, such that a warmer year increases foreign companies' revenues in colder regions while balancing out in warmer regions and actually having a negative effect in the hottest regions. Interestingly, this study detected an opposite, but less robust temperature effect for local Russian companies. We hypothesize that benefits to foreign companies from warming arise from the fact that Russia is globally a cold country and this physical difference in the operation environment hampers the operations of companies originating from warmer countries. Warmer weather in Russia brings their operation environment closer to the one they are accustomed to. We found evidence for this deduction by estimating the temperature effect separately for companies from warm and cold countries using several different temperature thresholds.
The paper proceeds as follows. The following section will review the relevant literature and describe our research question. Section 3 describes the compiled data with a presentation of the estimation strategy in section 4. Section 5 provides the empirical results with conclusions in section 6.
Literature Review and Research Question
While research linking foreign companies or competitiveness with weather conditions is nonexistent, there have been several studies which have analysed the weather impacts on different industries. Cachon, Gallino, and Olivares (2012) found that severe weather conditions (defined as extreme weather and periods of intense rain) have had clear negative effects on the production levels of US auto manufacturers. In studying the effect of the exceptionally warm summer of 1995 on UK industries, Subak et al. (2000) identified net positive impacts for energy consumption and health, and negative impacts for building insurance and risk of fires. Similarly, Hsiang (2010) identified that an increase in temperature resulted in a negative effect on wholesale and retail trade, other services, mining, and utilities in 28 Caribbean-basin countries. A similar negative growth impact of increased temperature was noticed by Jones and Olken (2010) for developing countries' exports to the US. This effect was negative for 20 light manufacturing industries out of the 66 examined industries; the effect was positive for only two manufacturing industries (dyes and hides). However, they did not find any significant relationship between weather conditions and export growth from rich countries to the US. Finally, Dell et al. (2012) found that higher temperatures produced a negative effect on aggregate economic output in developing countries through, for example, investments and industrial production.
From this literature review, it becomes obvious that weather conditions affect economic activity. These effects can vary from the direct (e.g. heavy seasonal rains, or long, very cold or dry periods which require firms to carry larger inventories due to the difficulty of replenishing stock in inclement weather) to the rather indirect (e.g. workers' productivity might decrease in periods of extreme weather conditions, such as too hot and dry). Thus, it is plausible that the effects of local weather conditions might be more critical for foreign manufacturers than for domestic ones. In particular, domestic manufacturers usually have a long experience of producing in the weather conditions typical for their region while foreign companies require time and resources to adapt to these unfamiliar weather conditions.
We should note that our aim in this paper is not to address the question of firm location, which is a much more studied topic and relates to international business and economic geography literature. For example, in economic geography various theories have been proposed to explain population and company migration patterns and one theory is so called amenity migration according to which people move to areas with high levels of natural amenities such as pleasant climate. Partridge (2010) reviews this literature and concludes that the amenity hypothesis would seem to be the strongest one in explaining the regional migration patterns in the US. Here we are interested in the day-to-day operations of the companies after the location choice is made. Nevertheless, a superficial examination of our data gives some support to the amenity hypothesis as foreign manufacturing companies have clearly concentrated more in warmer regions than their Russian peers (see Fig. 4 in the appendix). On the other hand, it is difficult to distinguish this effect from the Bmetropolis effect^as it is clear that majority of foreign companies are situated in the Russian metropolis areas which are among the warmer regions within the Russian landscape.
In global terms, Russia is considered quite a cold country, as evidenced in Fig. 1 where Russia's average temperature is contrasted with those of two other large countries, China and the US. While the monthly temperature is on the average very similar in China and the US, it is noticeably lower in Russia from roughly 5°C in the summer months to up to 20°C in the coldest months. 1 Cold winter weather has the potential to affect the health and physical safety of workers in manufacturing. In particular, many manufacturing employees work outside and are thus directly exposed to the cold for extended periods of time. In general, cold weather can result in a range of difficulties for those in the manufacturing industry, from increased risk of health problems to machine malfunctions. These difficulties can slow production and provoke injuries and accidents. 2 From this situation, we derive our basic research hypothesis:
Hypothesis: In Russia, a higher temperature is positively associated with the annual revenue fluctuations of foreign manufacturing companies, but it is less important for domestic companies and foreign companies from countries with similar climate to Russia.
Data Description
Our temperature data is obtained from the web database of the All-Russian Research Institute of Hydro-meteorological Information (meteo.ru) which is funded by the Federal Service for Hydrometeorology and Environmental Monitoring (Roshydromet). For this study we retrieved annual temperatures for the years 2003-2011 from this database. The weather data was calculated from the weather stations located within each of the regions. Typically, several weather stations were located within the region, and the weather data was averaged from these stations to obtain a regional figure. For the sparsely populated large northern and eastern regions, weather stations were only included if situated relatively close to regional capitals. Weather stations situated at very high altitudes were also excluded. Somewhat surprisingly given Russia's harsh winter, the preliminary estimations found no robust effect for seasonal weather variables, and thus only annual figures were utilised. The temperature data approach described above leads to an upward bias with respect to pure geographic dimensions as there is a reduction in the weight of the large, cold northern and eastern regions in the weather data. However, the importance of aggregation is not a Russiaspecific question, although it is exacerbated compared to smaller countries. As discussed in Dell, Jones, and Olken (2014) , the aggregation decision between geographical and population weighting should be based on the context. This current approach can be considered as largely population-based (due to weather station selection), but it allows a bit more weight for geographical size than pure population-weighted aggregation. Arguably, manufacturing companies are likely to situate relatively close to population centres, because they require labour (2013) and a close proximity to logistical centres. Thus, the aggregation approach utilised here would seem justified. The data for the mean temperature of the foreign companies' home countries was acquired from World Bank's Climate Change Knowledge Portal (2011).
Figure 2 presents a regional mapping of the average annual temperature across Russia. From the map, a notable difference is observable in the average temperatures between the West and East sides of the Urals. Moreover, the relatively poor Northern Caucasus and South Federal districts in the Southwest corner of Russia can be distinguished as decidedly warmer regions than the rest of Russia.
The company level variables for this study-revenues, employment, and total assets-are taken from the ORBIS database 3 where the data is available from 2003 onwards. Those firms established by foreign investors from offshore jurisdictions (e.g. Cyprus and Virgin Islands) were excluded, because these investments can be largely considered as round-trip activities by Russian investors (see Ledyaeva et al., 2015) . 4 The regional control variables, besides the temperature, are taken from the Rosstat (Federal State Statistics Service of Russia) database (www.gks.ru) and assessment reports of regional investment potential and risk compiled by the Russian rating agency RA Expert. 5 Some regions were excluded due to missing data or zero observations leaving 64 geographical regions where foreign companies have located their operations. 
Empirical Strategy
We estimate how weather impacts companies' revenues with the following company level panel fixed effects model 6 :
The dependent variable y jit , is the natural logarithm of the gross annual revenues (USD) per employee of company j in region i in year t (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) . 7 Variable T, the annual average temperature in region i in year t, is the main variable of interest. Companies situated within the same region share the same temperature data as we do not have information on the exact location of the companies within a region. Under Z we have company level control variables (log of total annual assets per employee and length of experience in Russia) and under X the regional level control variables (market size, market potential, road density, tax level, natural resource potential, investment risk, and institutional potential; see Appendix for details) which are also shared by the firms operating in the same region of Russia. As can be seen from equation (1) the form of the T variable has not been explicitly specified. It has been shown that temperature has a non-linear effect on many variables such as agriculture and health (see e.g. Dell et al., 2014) and thus we test the possibility of a non-linear effect in our case as well. In the results section we report both a linear and quadratic specification of temperature and nonlinearity would seem to play a notable role in our case as well. We include time dummies δ t to control for unobserved systematic period effects and the firm-level fixed effects u j to control for firm and region specific unobserved time-invariant characteristics (region effects are simultaneously controlled by the firm-level effects as firm's location is a constant characteristic). Industry-by-year dummies γ dt control for industry specific periodic shocks. This should control for (among other things) industry-specific temperature effects and thus more credibly suggests that any potential temperature effects truly originate from operation environment differences between the home and the host country. The last term ε jit represents an idiosyncratic error term.
The standard errors are clustered regionally which should control for potential spatial autocorrelation. As a fixed effects model is utilised, we identify the weather effect through annual weather variation from the regions' long-term average weather, i.e. typical climate (see Dell et al., 2014 and Seo, 2013 for further discussion on the conceptual difference between weather and climate). To test the competitiveness hypothesis, the model is estimated separately for foreign and Russian owned companies and separately for foreign companies originating from warm and cold countries. Finally, it should be noted that as temperature is clearly an exogenous variable, our model has strong causality properties. Table 1 presents the results for the impact of weather on companies' annual revenues for both foreign and Russian companies. As discussed in the data section, foreign companies from offshore jurisdictions were excluded. This type of investment flow into Russia cannot be classified as real foreign investment, but rather, as asset round-tripping by Russian investors. Also, only companies were included that have an average annual revenue of at least 500 000 USD to ensure that the data represent companies with proper manufacturing activities. For robustness, a sample with average annual revenues between 500 thousand and 16 million USD was also utilised thus excluding the largest companies' revenues (dropping roughly 30 % of high-end observations). The regressions were also calculated with data excluding the metropolitan areas (Table 2) as the bulk of foreign companies (roughly half of observations) are situated in the Russian metropolitan areas (Moscow and St. Petersburg and their immediate surroundings) and for firms originating from warm and cold countries ( Table 3 ). All of these estimations include a full set of control variables and fixed company effects, year dummies and industry-year dummies, but these are not explicitly presented in the tables to save space (available upon request).
As can be seen in Table 1 , the linear specification would suggest that temperature does not have any effect on companies' revenues. However, if temperature is modelled quadratically, a clear temperature effect is observed for foreign companies and the result is robust if largest firms are excluded. The estimate suggests that annual company revenue increases strongly when temperature increases in colder regions while the effect stabilises in warmer regions and turns negative in the hottest regions. The result is intuitive in the sense that foreign companies would benefit from warmer than usual weather in Russia's relatively cold climate, but this effect is smaller for firms operating in Russia's warmer regions, and warming is detrimental for companies in the hottest regions. Table 2 illustrates the same regressions with data excluding metropolitan areas. The non-linearity of temperature seems to be robust. Interestingly for Russian companies, the temperature effect is reversed compared to foreign companies, although less robustly so. There is no clear intuition for this relation suggesting that turnover of Russian firms increase in warmer years in the warmer regions and decline in the colder regions. One economic explanation would be that the competitive edge of warmer temperatures for foreign companies overwhelms the competitiveness of local companies. This would support our hypothesis and actually take it one step further, indicating that warmer weather would benefit foreigners so much that local producers suffer. However, we feel that based on the evidence at hand, this might be making too strong of a conclusion on the impact of temperature. Notes similar to Table 1 One could argue that the differences by ownership could arise from different geographical distribution as the companies have clearly located differently by temperature (see Fig. 4 in the appendix). We tested this by excluding companies from the largest temperature bin and the results ( Table 7 in the appendix) are quite similar to Table 2 thus mainly reflecting the Bmetropolis effect^because both metropolis regions are situated within that same temperature bin (mean annual temperature for the Moscow metropolis area is 5.7°C and 5.0°C for St. Petersburg).
Also, it is possible that the size of the company could be the reason behind the different temperature effect if Russian and foreign companies are of different size. There is some merit to this argument as we do not have a direct control for company size in our model even though company fixed effects should roughly control for this and the statistical size distribution is not very different for Russian and foreign companies (see Table 5 in the Appendix). We tested the size argument by running the estimations separately for three firm groups consisting of the three highest quartiles of average turnover for the whole period including both the foreign and Russian firms (the lowest quartile was excluded as it consists mostly firms smaller than our 500 thousand USD threshold). We did not find any significant temperature effects from linear or quadratic specifications suggesting that firm size is not the mechanism behind the temperature effect (results available upon request). Figure 3 was produced to visualise the results of the non-linear temperature effect on foreign companies. The figure shows the shape of the quadratic temperature function f(T) and the actual impact β (which is simply the derivative of the function) in regions with different temperatures based on results in Table 1 . The impact is quite strong in the coldest areas, up to around .30 (indicating a 30 % increase in revenues if temperature is 1°C higher). However, it should be noted that only ten per cent of the regions have an average temperature below +2°C, and subsequently, the effect is much milder for most of the regions. The temperature effect becomes negative in the hottest regions topping 8°C annual average temperature beyond which roughly ten per cent of all regions are also situated. We also include the mean temperature for Russian regions (5.2°C in our data) in Fig. 3 to give a reference point of the temperature effect in an average temperature region.
Russia's mean temperature (1), (left axis, the effect function f(T); right axis, the size of the temperature change effect, Bβ^, at different regional temperature level); x-axis, annual regional temperature°C Finally, we run additional analysis to search support to our hypothesis that difference in home and host country climate is behind the results obtained above. We do this by running similar estimations separately for colder and warmer countries operating in Russia (Russian companies excluded from the analysis). The problem is that there are differences, as discussed earlier, in how to calculate temperature. The pure geographic approach might not represent the climate experienced by most companies especially in large countries such as Canada, China and the US where manufacturing companies are situated near population centres. Additional problem is that we do not have information on the exact home location of the foreign firms, which might make a difference for firms originating from large countries. This might create notable inaccuracies if we were to directly analyse the temperature differences between companies' home country and operation region in Russia. Thus, we do a rougher but arguably less sensitive analysis where we estimate equation (1) separately for firms coming from cold and warm countries using five different temperature thresholds between 5-9°C (those being below the threshold defined as cold and those above as warm). The limits of the thresholds are determined by amount of available data, below 5°C and above 9°C would be only few hundred observations which is quite little for such a complex model. The results are presented in Table 3 , temperature was not significant in any of linear models thus we report only the quadratic models here.
From Table 3 we can see that the results support our hypothesis. If we use data from warm countries we again find the inverse U-shape relation while no significant relation is to be found for firms originating from cold countries (from countries where mean temperature is below 8°C). Thus firms from cold countries do not benefit from additional warmth in their operating regions while firms from warm countries do benefit up to a point. The maximum of the inverse U-shape relation is obtained around 7-10°C depending of the temperature threshold used. This suggests that even warm country originated companies operating in Russian regions warmer than 7-10°C are not benefiting from additional warmth or are even suffering from it. Also the positive coefficient of the linear term is larger for the warm country firms the higher the used home country temperature threshold is. This suggests that the warmer the firm's home country is, the warmer is a region it can locate into and still reap benefits from additional warmth. These results are intuitive in the framework of our hypothesis in the sense that warm year is more beneficial the larger the difference is between the home and host country climate. As can be seen in the last column of Table 3 similar quadratic effect appears also for cold countries although as clearly flatter. This effect is probably due to Germany as its firms now enter the cold regions group and it has a notable share of the companies in the data.
Conclusions
In this study, we argue that familiarity with local climate is a competitive edge for domestic companies compared to foreign companies, especially in countries with a harsh climate. We utilise Russian firm-level manufacturing industry data to study this issue as Russia has a very versatile climate and is globally a relatively important FDI destination. More specifically, we study if weather has an impact on foreign companies' annual revenues and if this impact is different for Russian companies and use firms' home country climate based estimations to deduct the origin of these differences.
We identify a rather robust quadratic (concave) effect of local temperature on foreign companies' revenues. The effect was remarkably similar when using full data, or alternatively data excluding the largest companies or metropolitan areas which inhabit roughly half of the observations. In particular, our results suggest that foreign companies' revenues are higher in warmer years in colder Russian regions while the effect evens out in warmer regions and actually turns negative for firms operating in the hottest regions. For Russian companies, we found rather interestingly an opposite but less robust temperature effect. We hypothesized that benefits from warming accrue to foreign companies due to the fact that Russia is generally quite a cold country and this hampers the operational abilities of companies originating from warmer countries. Thus warmer weather in Russia brings their operation environment closer to the one they are accustomed to. We found evidence for this conclusion by estimating the impact separately for companies from warm and cold countries using several different temperature thresholds for robustness. Thus, there seems to be evidence that weather is a competitive factor for companies, at least in Russia -where discussion has centred on institutions -and it might increase in importance if climate change intensifies as forecasted by the IPCC (2014). Institutional potential in a Russian region
It is an online Expert RA journal ranking ranging from 1 to 89 for a particular Russian region, i (i = 1,…,76), in a given year, t-1 (t = 2003-2011) (1 is assigned to a region with the highest potential in Russia, and 89 is assigned to a region with the lowest potential). This indicator reflects the level of development of principal market institutions in the Russian regions.
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Investment risk in a Russian region
It is an online Expert RA journal ranking ranging from 1 to 89 for a particular Russian region, i (i = 1,…,76), in a given year, t-1 (t = 2003-2011) (1 is assigned to a region with the smallest risk in Russia, and 89 is assigned to a region with the largest risk). This is a qualitative indicator that simultaneously reflects political, economic, social, criminal, financial, ecological, and legislative risks for investment activities in the Russian regions. . 4 Distribution of companies by regional temperature, x-axis is mean regional temperature, y-axis number of Russian and foreign companies in the data
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